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ABSTRACT 


A spionid polychaete, Boccardiella hamata (Webster, 1879) has been found from mud in crevices between the shells 
of oysters and adherent substrates in South Korea. The sequences of mitochondrial DNA (mtDNA) cytochrome 
c oxidase subunit 1 (CO7), 16S ribosomal DNA (16S), and the nuclear 18S ribosomal DNA (18S) from Korean 
individuals of Boccardiella hamata were determined in the present study. The molecular analysis based on the 18S 


tRNA gene sequences showed clear separation among the spionid polychaete species, and the sequences of Korean 


and Japanese individuals are completely identical. The morphological diagnosis and photographs of B. hamata are 


also provided. 
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INTRODUCTION 


The genus Boccardiella Blake & Kudenov, 1978 is one of 
the nine genera (Polydora Bosc, 1802, Dipolydora Verrill, 
1879, Pseudopolydora Czerniavsky, 1881, Boccardia Caraz- 
zi, 1893, Polydorella Augener, 1914, Tripolydora Woodwick, 
1964, Boccardiella, Carazziella Blake and Kudenov, 1978, 
and Amphipolydora Paterson & Gibson, 2003) known as the 
members of “polydorid” group which is characterized by the 
presence of a modified fifth chaetiger in the family Spionidae 
Grube, 1850 (Blake, 1983; Walker, 2011). Only one species, 
Boccardiella hamata (Webster, 1879), known as interstitial 
species and originally described from the Atlantic coast of 
North America, has been reported in the southern coast of 
Korean Peninsula by Paik (1982, 1989) and Sato-Okoshi et al. 
(2012b). At that time, Paik (1982, 1989) reported this species 
using invalid name of Boccardia uncata Berkeley, 1927. It is 
characterized from other relatives by the following morpho- 
logical features: (1) the branchiae present on chaetiger 2, 3, 6, 
and succeeding chaetigers, (2) the absence of notochaetae in 
chaetiger 1, (3) the absence of occipital antenna, (4) the pres- 
ence of neuropodial bidentate hooded hooks only, and (5) the 
presence of large recurved hooks in the posterior chaetigers 
(Blake, 1966; Radashevsky, 1993; Sato-Okoshi et al., 2012b). 


The sequences of cytochrome c oxidase subunit 1 (CO/) 
in the mitochondrial DNA (mtDNA) has been used as a 
useful barcoding marker for the molecular identification of 
animals because of its rapidness and accuracy (Hebert et al., 
2003; Clare et al., 2007; Kim et al., 2020). Whereas Wil- 
liams et al. (2017) detected considerably high intraspecific 
variation in some polydorid polychaetes (e.g., Boccardia 
pseudonatrix and Dipolydora capensis, 14.5% and 8.5%, 
respectively). Their data suggested that the careful caution 
should be exercised when using CO/ as a single marker to 
identify polydorids. And they concluded that nuclear 18S 
rDNA is the more accurate barcoding marker than CO1 for 
identifying polydorids (Williams et al., 2017). Recently, 
16S rDNA has been suggested as another useful barcoding 
marker for polydorid polychaetes (Radashevsky and Panko- 
va, 2013). Pairwise genetic distances were calculated using 
the Kimura two-parameter distance (Kimura, 1980). 

The specimens were collected from crevices between ad- 
herent substrates and the shells of oysters, which were at- 
tached to rocks (Fig. 1A) at Eurwang-dong, Incheon, South 
Korea (37°24'59.602"N, 126°24'55.167”E), sieving through 
500-um mesh sieves, on Mar 12 and 26, 2020. The voucher 
specimens were deposited in the National Institute of Bio- 
logical Resources, Korea (NIBR accession Nos. NIBRIVOO 
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Fig. 1. Boccardiella hamata (Webster, 1879). A, The individual (arrowed) inhabiting mud in crevices of the oyster; B, Lateral view of 
specimen; C, Anterior end with chaetiger 10, dorsal view; D, Modified spines in chaetiger 5; E, Bidentate hooded hooks in posterior 
chaetiger; F, Large recurved hook. Scale bars: B=1.0 mm, C=0.5mm, D, E=0.05mm, F=0.1 mm. 


00866078-NIBRIV0000866080). Morphological observation 
was carried out in live specimens under a light microscope 
(Nikon, Tokyo, Japan) and stereomicroscope (Model SZX-7; 
Olympus, Tokyo, Japan). PCR amplification was performed 
with polydorid specific primers for CO1, universal 16S 
rDNA, and 18S rDNA primers: Dorid_CO1.3F and Dorid_ 
CO1.1R for CO1 (Williams et al., 2017); Sar and Sbr for 16S 
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rDNA (Kessing et al., 1989); three pairs of primers for 18S 
rDNA (18S-1F1/18S-1R632, 18S-2F576/18S-2R1209, and 
18S-3F1129/18S-R1772) (Nishitani et al., 2012). The newly 
determined sequences for Korean B. hamata were depos- 
ited at the GenBank (GenBank accession No. MT511782- 
MT511784 for CO1, MT528253-MT528255 for 16S, and 
MT482710-MT482712 for 18S). Maximum likelihood tree 
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Table 1. Pairwise genetic distances of 18S rRNA gene sequences of spionid polychaetes 
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Data source 


11 12 13 14 


10 


No. 


Present study 


Boccardiella hamata MT482710 
Boccardiella hamata LC107608 
Polydora hoplura AB705408 
Polydora aura AB705409 


Abe et al. (2016) 


0.000 
0.025 
0.026 
0.027 
0.027 
0.028 
0.029 
0.030 


2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


Sato-Okoshi and Abe (2012a 
Sato-Okoshi and Abe (2012a 


Abe et al. (2016) 


0.025 
0.026 
0.027 
0.027 
0.028 
0.029 
0.030 


0.009 
0.028 


0.026 
0.012 


Boccardia proboscidea LC107607 
Polydora websteri AB705402 


Sato-Okoshi and Abe (2013) 
Sato-Okoshi and Abe (2012a 


Teramoto et al. (2013) 


0.027 
0.028 


0.031 


0.010 


0.011 


0.013 


0.011 


Polydora brevipalpa AB705407 


0.012 


0.015 


0.017 


0.014 


Polydora onagawaensis AB691768 
Polydora haswelli AB705404 


Sato-Okoshi and Abe (2012a 


Abe et al. (2016) 
Abe et al. (2016) 
Abe et al. (2016) 
Abe et al. (2016) 


0.011 0.015 


0.005 
0.022 
0.042 
0.045 
0.044 
0.047 
0.069 


0.014 0.030 


0.011 


0.023 


0.025 
0.046 
0.048 
0.046 
0.051 


0.022 
0.042 
0.044 
0.044 
0.047 
0.070 


0.038 
0.039 
0.039 
0.041 


0.020 0.023 


0.034 
0.044 
0.046 
0.048 
0.053 


0.034 
0.044 
0.046 


Dipolydora bidentata LC107609 


0.047 
0.053 


0.044 
0.046 
0.046 
0.050 
0.071 


0.042 
0.046 
0.045 
0.047 
0.067 


0.040 
0.041 


Pseudopolydora achaeta LC019989 


0.029 
0.029 
0.035 


Pseudopolydora cf. kempi LC019990 


12 


0.025 
0.041 


0.050 
0.056 
0.072 


0.041 


Pseudopolydora cf. reticulata LC019988 0.048 


13 


Simon et al. (2019) 


0.044 
0.070 


0.041 


0.046 
0.068 


0.053 


Pseudopolydora tsubaki AB973929 


14 


Meißner et al. (2011) 


0.070 


0.072 0.063 0.065 


0.063 


0.074 


0.074 


Spio filicornis FR823431 (Outgroup) 


15 


was constructed using MEGA X (Kumar et al., 2018) under 
the Tamura-Nei model (Tamura and Nei, 1993) for the 18S 
rRNA gene. 


RESULTS AND DISCUSSION 


The sequences of three Korean B. hamata individuals of the 
CO1, 16S rDNA, and 18S rDNA were 636 bp, 483 bp, and 
1,741 bp in length, respectively. The intra-specific variation 
among the CO1 sequences was 2.4%. Comparing with the 
intra-specific variations of some polydorids in the previous 
studies (da Silva and Willows-Munro, 2016; Williams et 
al., 2017), that of Korean B. hamata individuals was rather 
lower. The intra-specific variation of 16S rDNA sequences 
among Korean population was 0.25%. In this study, we pro- 
vided the phylogenetic tree using the available 18S rRNA 
gene sequences of spionid polychaetes. No intra-specific 
variation was detected among Korean materials. Further- 
more, the 18S rDNA sequences of Korean and Japanese are 
identical (Abe et al., 2016) (Table 1, Fig. 2). The morpholog- 
ical diagnosis and photographs of the species are as follows 


(Fig. 1). 


Order Spionida Grube, 1850 
Family Spionidae Grube, 1850 
Genus Boccardiella Blake & Kudenov, 1978 


!* Boccardiella hamata (Webster, 1879) 

Polydora hamata Webster, 1879: 251, Pl. 8, figs. 111-116, 
Pl. 9, figs. 117-118. 

Boccardia uncata Berkeley, 1927: 418, figs. 9-13; Imajima 
and Hartman, 1964: 281; Hartman, 1969: 103, figs. 1-5; 
Paik, 1982: 805, Pl. 20b; 1989: 455, fig. 166. 

Polydora (Boccardia) uncata: Okuda, 1937: 238, figs. 16- 
17. 

Boccardia hamata: Blake, 1966: 177, figs. 1-11. 

Boccardiella hamata: Blake and Kudenov, 1978: 265; Rada- 
shevsky, 1993: 4, figs. 2-3; Sato-Okoshi and Okoshi, 1997: 
487; Sato-Okoshi, 2000: 446; Zhou et al., 2010: 3, fig. 
1G-Q; Sato-Okoshi et al., 2012b: 88, fig. 6; Kerchhof and 
Faasse, 2014: 4, figs. 7-8. 


Diagnosis. Pigmentations on body and palps absent in live 
specimens. Prostomium anteriorly bifid, extending posterior- 
ly to end of chaetiger 3 as low caruncle. Black eyes 2 paired, 
arranged in trapezoid. Occipital antenna absent. Palps as long 
as 15-20 chaetigers. Notochaetae of chaetiger 1 absent. Bran- 
chiae present on chaetiger 2, 3, 6, and succeeding chaetigers, 


Korean name: '*-9-3 23742] 4°] 


Anim. Syst. Evol. Divers. 36(3), 268-273 


57 


99 


58 


79 


99 


DNA Barcoding of Boccardiella hamata 


Polydora brevipalpa AB705407 


68 


Polydora onagawaensis AB691768 
Polydora haswelli AB705404 
91 
Polydora websteri AB705402 

Polydora aura AB705409 

Polydora hoplura AB705408 
Dipolydora bidentata LC107609 
Boccardiella hamata LC107608 


100 
Boccardiella hamata MT482710 


Boccardia proboscidea LC107607 


Pseudopolydora achaeta LC019989 


59 


91 


92 


HI 
0.01 


Pseudopolydora tsubaki AB973929 


Pseudopolydora cf. kempi LC019990 


Pseudopolydora cf. reticulata LC019988 


Spio filicornis FR823431 


Fig. 2. A maximum likelihood tree inferred from the nuclear 18S rRNA gene sequences of spionid polychaetes. The gene sequences 
of Boccardiella hamata from Korean waters are highlighted in bold. Bootstrap values of >50 as a percentage of 1,000 bootstrap repli- 
cates are given at the respective nodes. The sequence of Spio filicornis is used for outgroup rooting as a non-polydorid polychaete. 


absent in last 40-48 chaetigers (Fig. 1B, C). Segment 5 mod- 
ified, larger than neighboring segments, and with simple and 
falcate spines alternating with pennoned companion chaetae; 
dorsal superior and ventral winged capillaries present (Fig. 
1C, D). Neuropodial hooded hooks bidentate, present from 
chaetiger 7, and accompanied by capillaries (Fig. 1E). Large 
recurved hooks besides capillaries present in posterior chae- 
tigers (Fig. 1F). Pygidium with two short and flat flaps, each 
with short and thin process. 
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